Figures
. Quality-control sample results for analysis of total mercury in fish from the Boise and Snake Rivers and Brownlee Reservoir, Idaho and Oregon, October 2013-15 
Datum
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Introduction
Mercury (Hg) is a global pollutant that ultimately makes its way into every aquatic ecosystem through the hydrologic cycle. Atmospheric deposition of inorganic Hg contributes the vast majority of Hg to aquatic systems, although geologic sources and point-source pollution also may contribute to Hg loading. Once it is in aquatic systems, inorganic Hg may become methylated through microbial sulfate reduction (Fitzgerald and Lamborg, 2007) and other microbially mediated reactions. Methylmercury (MeHg) is by far the more bioavailable and toxic form of Hg; and, once Hg has moved through aquatic food chains into predatory fish, almost all Hg present in fish tissue is MeHg. In turn, sport fish that are most commonly caught and consumed by subsistence or recreational anglers tend to be predatory fish. As a result of these dynamics, risks of MeHg exposure to humans are largely through consumption of fish (U.S. Environmental Protection Agency, 2001).
The U.S. Environmental Protection Agency (USEPA) recommended water-quality criterion for MeHg is expressed as a concentration in fish-tissue (wet-weight MeHg in fish tissue). The MeHg criterion is based on wet weight, appropriately reflecting the nature of fish destined for human consumption. In 2005, Idaho Department of Environmental Quality (IDEQ) adopted USEPA's fishtissue criterion of 0.3 mg based on a 17.5 g/d consumption rate and published implementation guidance for the Idaho Hg water-quality standard (Idaho Department of Environmental Quality, 2005) . The USEPA recently updated the national fish consumption rate to 22 g/d for this criteria based on the results from the National Health and Nutrient Survey conducted between (U.S. Environmental Protection Agency, 2014 . Because the USEPA prefers that States use local data to determine fish consumption rates for human health criteria, in 2016 the IDEQ updated its fish consumption rate used to set water quality criteria to 66.5 g/d. All human health-based water quality were updated using the higher fish consumption rates, except MeHg, for which the value based on the 17.5 g/d fish consumption rate was retained (Idaho Department of Environmental Quality, 2016).
Although the fish-tissue criterion is based on methylmercury (MeHg), for the purposes of this study, total Hg is analyzed in place of MeHg for two reasons: (1) total Hg is easier and less costly for laboratories to determine than MeHg, and (2) nearly all Hg present in fish muscle tissue is MeHg (Bloom, 1992; Hammerschmidt and others, 1999; Harris and others, 2003) . Interpretation of total Hg as MeHg probably introduces a small positive bias, between 1 and 5 percent, based on comparisons shown by Bloom (1992) and by Hammerschmidt and others (1999) , well within the range of expected analytical variability. In comparing fish-tissue results with the criterion, the analytical results for total Hg in the fish tissue should be interpreted as 100 percent MeHg. For the remainder of this report, total Hg analyzed in both water and fish tissue will be referred to as Hg with fish tissue values reported as wet weight concentration.
The Idaho implementation guidance describes two scales of monitoring for Hg in fish tissue: (1) statewide ambient monitoring, and (2) (Essig and Kosterman, 2008; Essig, 2010 Quality, 2005) . The RPTE threshold is designed to protect people that consume fish and is based on an average Hg concentration from 10 fish not to exceed 80 percent of the 0.3 mg/kg Idaho criterion or greater than 0.24 mg/kg wet weight Hg in fish from the receiving water body. The IDEQ guidance recommends additional pollution prevention and sampling actions if the RPTE threshold is exceeded. The USEPA has included numerical Hg limitations, Hg minimization plan development, watershed-based fish tissue and water Hg sampling, and annual reporting requirements in the City of Boise's two effluent permits for the Lander Street and the West Boise Wastewater Treatment Facilities (U.S. Environmental Protection Agency, 2012b Agency, , 2012c .
The Idaho Fish Consumption Advisory Program (IFCAP) issues fish advisories to protect fish consumers and has developed an action level of 0.22 mg/kg wet weight Hg in fish tissue. Fish consumption advisories are water body-and species-specific and are used to advise general and sensitive populations of the allowable consumption of fish obtained from Idaho waters. The geometric mean Hg concentration of 10 fish of a single species collected from a single water body (lake or stream) in Idaho is compared to the action level to determine if a consumption advisory should be issued.
USEPA considers a total recoverable mercury concentration of 12 ng/L in water to be the effective chronic aquatic life criterion in Idaho for the purposes of the Clear Water Act (Idaho Department of Environmental Quality, 2014, referred to as "USEPA aquatic life criteria" in this report). The City of Boise's NPDES permits require a minimum detection level for Hg of 0.5 ng/L, sufficiently low enough to compare to USEPA criteria.
The implicit purpose of collecting data on Hg in water and fish tissue at the same location is to facilitate developing fish bioaccumulation factors, which are ratios of Hg concentrations in tissue and water. Bioaccumulation factors (BAFs) can be useful for water-quality management, such as sitespecific implementation targets of the fish-tissue based MeHg water-quality criteria and total maximum daily load target development (Idaho Department of Environmental Quality, 2005; U.S. Environmental Protection Agency, 2010). For developing BAFs, it is not essential that water and fish samples are collected at the same time. Riva-Murray and others (2013) reported that, in Oregon and New York streams, the best BAF estimates came from sampling MeHg in water during the July-September growing season, regardless of when the fish were collected. In related analyses with fish, the optimal approach for estimating BAFs is to use Hg concentration data from at least 10 adult fish of a single species and similar length (Scudder Eikenberry and others, 2015) . BAFs are currently not calculated using the data published in this report. It is the intent that this data will be combined with future datacollection efforts to calculate BAFs.
The City of Boise, in cooperation with U.S. Geological Survey (USGS), developed a multiyear water and fish tissue Hg monitoring plan (Mebane and MacCoy, 2013) in the Snake and Boise Rivers and Brownlee Reservoir to satisfy the watershed based fish-tissue sampling requirements contained in the city permits. The IDEQ implementation guidance (Idaho Department of Environmental Quality, 2005) encourages municipal dischargers to establish monitoring cooperatives to help fund watershedbased statewide monitoring for Hg in fish tissue. The USEPA further recommended that the permitting authority (which is the USEPA in Idaho as of this report) require only one study per water body (U.S. Environmental Protection Agency, 2010). The multiyear water and fish-tissue Hg monitoring plan (Mebane and MacCoy, 2013) was developed and intended to provide a framework for a cooperative Hg sampling program.
Although selenium (Se) analysis is not required for NPDES permit compliance, analysis of composite samples of fish tissue for Se was done to provide information for potential future risk assessments for a couple of reasons: (1) The relative risk of a given Hg concentration in fish tissue may increase when Se to Hg molar ratios in the tissue are less than 1, and (2) Se to Hg ratios are of interest in fish tissue monitoring studies and risk assessment (Khan and Wang, 2009; Essig, 2010) . The potential for Hg toxicity reduction in the presence of certain concentrations of Se has not been considered in fish consumption advisories or in comparing to criteria for the protection of human health but may be important in the future (U.S. Environmental Protection Agency, 2001; Idaho Department of Environmental Quality, 2005).
Purpose and Scope
This report contains water-quality and fish-tissue data that meet the requirements of the Hg monitoring plan in the Boise and Snake Rivers and Brownlee Reservoir (Mebane and MacCoy, 2013) . The data contained in this report will provide a reference to which future determinations of Hg in water and fish can be compared.
This report contains Hg in water data collected by City of Boise personnel and data for Hg and Se in fish tissue collected by the USGS as described in the Hg monitoring plan (Mebane and MacCoy, 2013) . Data collected by both agencies are reported here to meet the City of Boise's NPDES permit requirements. Water samples and fish samples were collected at the same locations and near the same dates.
Site Locations
Six sampling sites (table 1) were selected to meet specific requirements for the City of Boise NPDES permits (U.S. Environmental Protection Agency, 2012b, 2012c). Site locations ( fig. 1 ) were required to be upstream (Eckert) and downstream (Middleton) of the city's two wastewater facilities at Lander Street and West Boise on the Boise River, near the middle of the lower Boise River watershed (Middleton), at the mouth of the Boise River (Boise mouth), in the Snake River upstream (Murphy) and downstream (Nyssa) of the mouth of the Boise River, and in the impounded section of the Snake River downstream of the Boise River confluence (Brownlee). The site downstream of both wastewater facilities, Middleton, also was used to meet the middle of the lower Boise River watershed site requirement.
The basis for multiple years of sampling is provided in the Hg monitoring plan (Mebane and MacCoy, 2013) . In 2013 and 2015, water and fish were collected at all six sampling sites (table 1, fig.  1 ); in 2014, only the Middleton site was sampled (MacCoy, 2014) . The sites were selected to meet specific NPDES requirements and to isolate the fish populations being sampled. There are no natural fish passage barriers between sampling sites to prevent fish migration although there are manmade diversions in the Boise River between Eckert and Middleton that act as fish passage barriers.
Targeted Fish Species
The targeted fish species were based on the Idaho Department of Environmental Quality (2005) recommendation that fish tissue samples should be representative of the Hg exposures likely encountered from recreational or subsistence fishing, and upon previous fish sampling at selected locations in the Boise and Snake Rivers and Brownlee Reservoir (table 2; Clark and Maret, 1998; Richter and Chandler, 2003; MacCoy, 2006) .
Targeting specific fish species is inherently difficult because of fish movement and sample timing. Sampling crews were able to collect 10 individuals of a targeted fish species of edible size at each site in all years except 2014 at Middleton where 2 fish were less than 25 cm, and 2015 at the Boise mouth where only 6 fish were collected. Sampling at Murphy provided an opportunity to collect samples of two targeted fish species, smallmouth bass and channel catfish in 2013 and 2015. Smallmouth bass and channel catfish are important sport fish in the Snake River and these samples will provide a much needed comparison of Hg in fish tissue between species and sites ( fig. 2 ).
Field Sampling Procedures
Water samples were collected by City of Boise personnel using low-level Hg surface-water sampling protocols (City of Boise, Public Works field standard operating procedures, written commun., March 12, 2014) following collection and quality-control procedures similar to those described in Lewis and Brigham (2004) and Essig (2010) . Precleaned 200 mL glass bottles were used to collect dip water samples. Samples were placed on ice and delivered to the Boise City Public Works Water Quality Laboratory, within the same day. Field blanks were collected at some sites for quality control as described in Wilde (2006, section 4 .3 "Quality-Control Samples").
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Fish-tissue sampling was conducted during low-flow conditions to reduce hazards from maneuvering the boat or raft in high water velocities. Fish were captured by electrofishing; additional information on electrofishing sampling safety, sampling permit requirements, and justification for sampling outside the summer season is given in the Hg monitoring plan (Mebane and MacCoy, 2013) .
Procedures for collecting and processing fish for analysis of Hg are similar to those outlined in Scudder and others (2008) . Sampling procedures specific to this project are given here. Boat and raft electrofishing were used to collect targeted fish species at a site. Fish of edible size (typically greater than 25 cm in length, or for smallmouth bass, greater than 30 cm in length) were placed in a live well. When at least 10 individuals of the same species were collected, the fish were weighed, measured, euthanized, and placed in separate clean, clear, zip-seal bags on wet ice. Fish were transported to the sample preparation area at the USGS Idaho Water Science Center in Boise and frozen to minimize possible loss of sample integrity. When processed, two skinless fillets were obtained from each fish, one for the primary sample and the second retained frozen as a backup sample for Hg analysis. Approximately 5 g of tissue from each of the 10 fish collected from a site was composited for Se analysis. The backup samples were retained until data were received from the laboratory and reviewed. Fish-tissue samples for Hg analysis were shipped on dry ice to the USGS Mercury Research Laboratory (USGS MRL) in Middleton, Wisconsin. Fish-tissue samples for Se analysis were shipped on dry ice to the USGS National Water Quality Laboratory (NWQL) in Denver, Colorado.
Laboratory Methods

Mercury in Water
Unfiltered water samples were analyzed for Hg using laboratory methods consistent with USEPA Method 1631 E (U.S. Environmental Protection Agency, Office of Water, 2002) by the Boise City Public Works Water Quality Laboratory. This method provided a minimum detection level of 0.2 ng/L.
Mercury in Fish Tissue
The USGS MRL provided analysis of Hg in fish tissue consistent with USEPA Method 7473 (U.S. Environmental Protection Agency, 2007). The USGS MRL has determined that this method has a minimum detection limit of 0.008 mg/kg dry weight, based on a 20-50 mg sample size for their laboratory equipment. The detection limit is sufficiently low to quantify Hg concentrations in fish tissue at less than 0.30 mg/kg wet weight. Additional USGS MRL quality-assurance procedures can be found on their website Error! Hyperlink reference not valid.(U.S. Geological Survey, 2013)
Selenium in Fish Tissue
A sample size of less than 20 g is needed for Se analysis. The composite of a portion of tissue from each of 10 fish from a site resulted in a sufficient sample size. NWQL analysis of Se in tissue used methods by Garbarino and others (2006) . This method provided a minimum level of detection of 0.1 mg/kg dry weight. The Hg monitoring plan (Mebane and MacCoy, 2013 ) specified a composite of at least three fish per site. The composite of 10 fish provided a more than adequate sample for general Se screening.
Results
Data-Quality Objectives
All data-quality objectives were met for this study and provided reliable Hg concentrations in water and in fish-tissue data collected from the Snake and Boise Rivers and Brownlee Reservoir. The data-quality objectives of this monitoring study are listed here:
1. The fish collected represent the species and size ranges likely to be caught and consumed by recreational or subsistence anglers in the vicinity of the sampling sites. 2. Sample processing, handling, storing, and shipping to the laboratory used sufficient qualityassurance measures to avoid introducing sample contamination or bias to the data. 3. Laboratory analytical techniques had sufficiently low detection limits to quantify Hg concentrations in fish tissue at less than 0.24 mg/kg wet weight (Idaho RPTE threshold). 4. Quality-control samples were analyzed to provide accuracy and precision information for the fish-tissue samples collected (table 3) . The accuracy of the data was within 20 percent of the most probable value for certified reference tissues for Hg, and the precision (repeatability) of the data was within 20 percent relative standard deviation in laboratory replicate analyses. 5. Following review, fish-tissue data were made available to the public and environmental management agencies through the online USGS National Water Information System (NWIS) and in this report. 6. Mercury concentrations in water quality-control samples are presented with the water sample results (table 4) and include field blanks and laboratory matrix spikes results. Hg concentrations in all but one field blank were near or less than the laboratory detection limit (0.2 ng/L). Matrix spike recovery of Hg in water samples ranged from 94.8 to 100.5 percent, well within the required recovery of 71-125 percent of the theoretical value. The relative percent difference of matrix spike duplicates required by USEPA is less than 24 percent (U.S. Environmental Protection Agency, Office of Water, 2002). The observed relative percent difference of the matrix spike recovery ranged from 0.41 to 8.1 percent, also within the USEPA's criteria.
Mercury in Water
Hg in water was collected at all six sampling sites on the Boise and Snake Rivers and Brownlee Reservoir. Hg concentrations, field blank concentrations, and laboratory matrix spike recovery data are shown in table 4. Concentrations of Hg in water were between 0.48 and 8.8 ng/L, with the highest concentration from Brownlee Reservoir. All samples were less than the USEPA aquatic life criteria (12 ng/L, U.S. Environmental Protection Agency, 1985; Idaho Department of Water Quality, 2014). All field blanks were near or less than the detection level except for the sample taken at Boise mouth (detection of 0.70 ng/L Hg). With that one exception, the blank values, as well as the laboratory spike recovery, were within data-quality objectives.
Fish Species, Size, and Tissue Mercury Concentrations
The concentration of Hg in fish tissue, as well as the length and weight of the fish collected from the Boise and Snake Rivers and Brownlee Reservoir are shown in table 5. A graphical summary of Hg concentrations in all fish from all sites is shown in figure 3 , and summaries of individual fish length and Hg concentrations are shown in figure 4 . All fish-tissue data presented in this report can be accessed on the USGS NWIS websiteError! Hyperlink reference not valid. (U.S. Geological Survey, 2014). Although this study was not designed to compare fish size to Hg concentration, graphical summaries of fish size and Hg concentration are presented, as they may be useful for fish advisory development.
Rainbow trout were collected at the upstream site (Eckert) in 2015. Total fish lengths for rainbow trout were between 250 and 390 mm, and median Hg concentration was 0.02. Mean concentrations did not exceed the Idaho water-quality criterion, RPTE threshold level, or the IFCAP action level (table 5, fig. 3 ).
Mountain whitefish were collected at the upstream site (Eckert) in 2013 and at the site downstream of the City of Boise wastewater facilities on the Boise River (Middleton, fig. 1 ) in 2013, 2014, and 2015. Total fish lengths for mountain whitefish were between 135 and 506 mm, with primarily larger fish sampled from Eckert (table 5, fig. 4A ). Median Hg concentrations in mountain whitefish were 0.18 mg/kg at Eckert and ranged from 0.11 to 0.18 mg/kg at Middleton for the 3 sample years. Mean concentrations in mountain whitefish did not exceed the Idaho water-quality criterion, RPTE threshold level, or the IFCAP action level (table 5, fig. 3 ).
Smallmouth bass were collected from Murphy, the Snake River site upstream of the mouth of the Boise River in 2013 and 2015 and from Brownlee Reservoir in 2013. Total fish lengths were between 300 and 452 mm, with the largest fish sampled from Brownlee (table 5, fig. 4B ). Median Hg concentrations in smallmouth bass were similar at Murphy between sample years (0.16 and 0.17 mg/kg). Only the Hg in Brownlee smallmouth bass (0.32 mg/kg) collected in 2013 exceeded the Idaho water-quality criterion, RPTE threshold level, and the IFCAP action level (table 5, fig. 3 ).
Channel catfish were collected from the Boise mouth, Murphy, and Nyssa sites in 2013 and 2015; and from Brownlee in 2015. Individual fish lengths were between 483 and 720 mm with the largest individual fish sampled from Murphy (table 5). There was no discernible relation between fish length and Hg concentrations in channel catfish ( fig. 4C ). For the 2 years of sampling, the median Hg concentrations in channel catfish tissue were 0.24 and 0.28 mg/kg from Boise mouth, 0.11 and 0.18 mg/kg at Murphy, and 0.13 and 0.14 mg/kg from Nyssa; with a single median concentration of 0.16 mg/kg from Brownlee collected in 2015 (table 5, fig. 3 ). Median Hg concentrations were similar between the channel catfish (0.18 mg/kg) and smallmouth bass from Murphy (0.17 mg/kg) in 2013, but in 2015 median concentrations, although lower than in 2013, were higher in smallmouth bass (0.16 mg/kg) than channel catfish (0.11 mg/kg). Only the channel catfish collected in 2013 at Boise mouth site exceeded the Idaho water-quality criterion, RPTE threshold level, and the IFCAP action level (table  5, fig. 3 ). Although the average and geometric mean concentrations were calculated for the channel catfish collected in 2015 from the Boise mouth, 0.23 and 0.22 mg/kg, respectively (table 5), the values were not compared to RPTE threshold and IFCAP action level because fewer than 10 catfish were collected.
Selenium in Fish Tissue
The concentration of Se in composite fish-tissue samples collected from the Boise and Snake Rivers and Brownlee Reservoir are given in table 6. Percent water, percent solids, and wet weight concentrations are given to better compare the results to Hg wet-weight concentrations. Composite concentrations collected from 2013 to 2015 were between 0.07 and 0.49 mg/kg wet weight, with the lowest concentration in mountain whitefish from Eckert and the highest concentration in smallmouth bass collected from Murphy. Molar ratios of Se to Hg ranged from 0.99 to 25 (table 6).
Summary
Water samples and sport fish of edible size were collected for Hg analysis from six sites in the Boise and Snake Rivers and Brownlee Reservoir in 2013 and 2015, and from one site in 2014, to meet a portion of the City of Boise's National Pollution Discharge and Elimination System Hg monitoring requirements. Water samples were collected at each site to closely coincide with fish sampling efforts. Fish collected at each of the sites represent typical sport fish likely to be taken by recreational and subsistence anglers for consumption. Average and geometric mean Hg concentrations in fish from the Boise mouth (0.33 and 0.28 mg/kg in channel catfish) and Brownlee (0.32 and 0.32 mg/kg in small mouth bass) collected in 2013 exceeded Idaho's water quality criteria of 0.30 mg/kg, the IDEQs RPTE threshold of <0.24 mg/kg, and IFCAP action level of 0.22 mg/kg wet weight. There were no exceedances of these fish tissue criteria in 2015.
Total Hg concentrations in unfiltered water samples ranged from 0.48 to 8.8 ng/L total Hg, with the highest Brownlee Reservoir in 2013. All Hg concentrations in water samples were less than the U.S. Environmental Protection Agency (USEPA) Hg chronic aquatic life criterion of 12 ng/L.
Composite concentrations of Se in fish tissue collected between 2013 and 2015 were between 0.07 and 0.49 mg/kg wet weight with the highest concentration collected from smallmouth bass from the Snake River near Murphy and the lowest from mountain whitefish from the Boise River at Eckert Road. Se composite samples collected in this study provide information for comparing Se concentrations between species and for possible future use in fish consumption advisories. 
